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 O objetivo neste estudo foi avaliar a nanodureza (H) e módulo de elasticidade 
(Y) da interface adesiva e a resistência da união adesiva imediata e após submissão 
a 10.000 ciclos de tensão térmica. Foram utilizados 160 terceiros molares humanos 
hígidos, separados aleatoriamente em oito grupos de acordo com o sistema adesivo 
e modo de tratamento da dentina (Scotchbond Universal self-etch, Scotchbond 
Universal etch-and-rinse, Prime & Bond Elect self-etch, Prime & Bond Elect etch-and-
rinse, Clearfil Universal Bond self-etch, Clearfil Universal Bond etch-and-rinse, All-
Bond Universal self-etch e All-Bond Universal etch-and-rinse) e, posteriormente, 
separados de acordo com armazenagem por 24 horas ou 10.000 ciclos térmicos 
(n=10). Foram selecionados três dentes para o ensaio de nanoindentação e sete para 
o ensaio de microtração. Os dentes foram preparados de maneira que a dentina 
ficasse plana, sobre a qual os adesivos foram aplicados e fotoativados conforme as 
instruções dos fabricantes. A restauração de resina composta foi construída de forma 
incremental e os dentes restaurados foram submetidos aos respectivos protocolos de 
envelhecimento. Para o teste de resistência à microtração, as amostras foram 
seccionadas para obtenção de palitos de dentina-resina com área seccional de 1 mm2. 
Para o teste de nanoindentação, as amostras foram seccionadas para obtenção de 
fatias com espessura de 1,5 mm, posteriormente incluídas em resina epóxica e 
polidas. Foram realizadas cinco nanoindentações nas camadas de adesivo, híbrida e 
dentina, com carga de 1000 μN em ciclo trapezoidal. Os valores de resistência da 
união (μTBS) não apresentaram diferença estatísticamente significativa entre os 
quatro sistemas adesivos após 24 horas ou quando submetidos a 10.000 ciclos 
térmicos em ambos os modos de aplicação (PBE E&R 33,85 - 29,62; PBE SE 21,74 - 
22,65; SBU E&R 33,40 - 31,63; SBU SE 27,82 - 27,03; ABU E&R 34,09 - 29,73; ABU 
SE 23,85 - 26.88; CUB 34,62 - 27,59 e CUB 28,64 – 24,06). O modo de aplicação 
(etch-and-rinse - E&R/self-etch - SE) teve influência significativa nos valores de μTBS 
imediatos dos adesivos Prime & Bond Elect e All-Bond Universal. A condição de teste 
(com/sem termociclagem) foi estatisticamente significante somente para Clearfil 
Universal Bond aplicado no modo etch-and-rinse. O Scotchbond Universal aplicado 
em ambos os modos manteve estáveis os valores da resistência de união imediata e 
após ser submetido à ciclagem térmica. Para nanodureza e módulo de Young não foi 
verificada diferença estatisticamente significativa entre os sistemas adesivos 
 
 
universais testados em 24 horas. Após termociclagem, Prime & Bond Elect aplicado 
no modo E & R apresentou valores de H e Y significativamente inferiores aos demais 
sistemas, e o All-bond Universal no modo E & R mostrou valores mais baixos de H na 
camada adesiva para ambos os protocolos de envelhecimento. Os valores do módulo 
de Young foram significativamente diferentes nas camadas dentina, híbrida e adesiva 
(dentina>camada híbrida>camada adesiva). O modo de aplicação promoveu 
influência significativa nos valores de μTBS dos adesivos Prime & Bond Elect e All-
Bond Universal apenas na condição de termociclagem. A condição de teste foi 
estatisticamente significativa para os valores de μTBS para Clearfil Universal Bond no 
modo E & R, e nos valores de H e Y para PBE no modo E & R. 
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The purpose of this study was to evaluate the nanohardness (H) and Young's 
modulus (Y) of the adhesive interface and the adhesive bond strength immediately and 
after submitted to 10,000 thermal cycles. One hundred and sixty non-carious human 
third molar were randomly divided in eight groups according to the adhesive system 
and dentin approach (Scotchbond Universal self-etch; Scotchbond Universal etch-and-
rinse; Prime & Bond Elect self-etch; Prime & Bond Elect etch-and-rinse; Clearfil 
Universal Bond self-etch; Clearfil Universal Bond etch-and-rinse; All-Bond Universal 
self-etch and All-Bond Universal etch-and-rinse), and posteriorly subdivided according 
to the storage period of 24 h or 10,000 thermal cycles (n=10). Three teeth were 
selected for nanoindentation test and seven for the microtensile test. The teeth were 
prepared to obtain flat dentin surfaces. The adhesive systems application and 
photoactivation followed the manufacturer’s instructions. The composite resin 
restoration was incrementally constructed, and the restored teeth were submitted to 
the respective aging protocols. For the microtensile bond strength test, the samples 
were sectioned to obtain dentin-resin sticks with a sectional area of 1 mm2. For the 
nanoindentation test, samples were sectioned to obtain 1.5 mm-thick bonded slices, 
embedded in epoxy resin and manually polished using wet SiC papers. Five 
nanoindentations were made in each adhesive layer, hybrid layer and dentin with load 
of 1000 μN in trapezoidal cycle mode. The bond strength values (μTBS) did not show 
statistically significant difference among the four adhesive systems tested after 24 h 
and submitted to 10.000 thermal cycles for any application mode (PBE E&R 33,85 - 
29,62; PBE SE 21,74 - 22,65; SBU E&R 33,40 - 31,63; SBU SE 27,82 - 27,03; ABU 
E&R 34,09 - 29,73; ABU SE 23,85 - 26.88; CUB 34,62 - 27,59 and CUB 28,64 - 24,06). 
Application mode (etch-and-rinse - E&R/self-etch - SE) has significant influences on 
μTBS of Prime & Bond Elect and All-Bond Universal adhesives only for no 
thermocycling condition. The test condition (with/without thermocycling) was 
statistically significant only for Clearfil Universal Bond with etch-and-rinse technique. 
Scotchbond Universal applied in the E&R and SE modes showed stable bond strength 
values after storage for 24 h or after thermal cycling. For nanohardness and Young’s 
modulus were not found statistically significant difference among the Universal 
adhesives systems immediately tested. After thermocycling, Prime & Bond Elect 
 
 
applied in E&R mode showed significantly lower values for H and Y than other systems, 
and All-bond Universal in E&R mode showed the lowest H values in adhesive layer for 
both aging protocols. Young’s modulus values were significantly different among 
dentin, hybrid and adhesive layers (dentin>hybrid layer>adhesive layer). The 
application mode showed significant influence on μTBS values for Prime & Bond Elect 
and All-Bond Universal adhesives only when no thermocycled. The test condition was 
statistically significant in the μTBS values for Clearfil Universal Bond in E&R mode, 
and in the H and Y values for PBE in E&R mode. 
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O processo da união adesiva ao substrato dental é extremamente complexo 
devido às diferentes características das estruturas dentárias. O esmalte é composto 
por uma estrutura sólida e cristalina denominada hidroxiapatita com forte união 
intermolecular, alta energia de superfície, 1-4% de água e aproximadamente 5% de 
material orgânico (Van Meerbeek et al., 2003). Enquanto o esmalte é composto por 
aproximadamente 96% de hidroxiapatita, a dentina é um composto biológico com 
maior concentração de água e material orgânico, como fibras colágenas do tipo I 
(Asmussen & Uno, 1992; Perdigão, 2007). Além disso, a densidade dos túbulos 
dentinários altera-se conforme a profundidade. Na dentina superficial há menor 
concentração de túbulos, menor presença de água, enquanto que na dentina mais 
profunda há maior concentração de túbulos e maior umidade. Estas características 
fazem da dentina um substrato com maior desafio para o processo de união adesiva. 
A adesão à dentina ocorre devido à impregnação do adesivo resinoso numa zona de 
dentina superficialmente descalcificada e com fibrilas de colágeno expostas, processo 
conhecido como hibridização (Erickson et al., 1965; Nakabayashi et al., 1989). 
O condicionamento químico do esmalte dental com substância ácida, proposto 
por Buonocore (Buonocore, 1955), foi um marco na Odontologia adesiva. Desde 
então, ocorreu significativa evolução na técnica restauradora na abordagem 
minimamente invasiva, promovendo um modelo mais conservador de preparo da 
cavidade, considerando que com materiais adesivos não há necessidade da retenção 
mecânica.  
Os adesivos dentários são combinações de monômeros resinosos que 
permitem a interação entre substrato dental e resina composta. A solução contém 
monômeros hidrófilos, responsáveis por aumentar o umedecimento dos tecidos 
dentais duros e monômeros hidrófobos que interagem e co-polimerizam-se com o 
material restaurador (Van Meerbeek et al., 2003). 
Com o desenvolvimento ocorrido nas últimas décadas, os sistemas adesivos 
permitem diversas estratégias de aplicação à dentina, como os condicionamentos total 
(total-etch) e autocondicionantes (self-etch). Os adesivos para condicionamento total 
são aqueles que preconizam a remoção da smear layer por meio do condicionamento 
ácido da dentina em etapa anterior à aplicação do adesivo, enquanto os sistemas 
autocondicionantes não requerem a aplicação do ácido antes do adesivo e são 
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capazes de modificar e incorporar a smear layer simultaneamente à descalcificação 
da dentina (Van Meerbeck et al., 2003) 
Sistemas adesivos com adesão convencional por condicionamento ácido têm 
sido motivo de controvérsias sobre a durabilidade da adesão (Van Landuyt et al., 
2005). A consideração mais importante é que esses sistemas podem criar camadas 
híbridas com áreas de colágeno desprotegidas devido à infiltração deficiente dos 
monômeros adesivos (Titley et al., 2005; Yasuda et al., 2008). A presença de fibrilas 
colágenas não envoltas por monômeros parece ocorrer com menor frequência em 
sistemas autocondicionantes devido à interação simultânea com a smear layer, 
dissolução da fase inorgânica da dentina e melhor infiltração dos monômeros 
adesivos. 
Por outro lado, os sistemas adesivos autocondicionantes também têm 
ocasionado questionamentos quanto à durabilidade da adesão, em razão da severa 
degradação ocorrida ao longo do tempo (Van Landuyt et al., 2008). Devido à maior 
concentração de monômeros hidrófilos e camada adesiva menos espessa, os 
sistemas autocondicionantes de etapa única após polimerizados têm sido 
considerados como membranas permeáveis (Higashi et al., 2009), permitindo que a 
água da dentina continue transitando através do adesivo polimerizado (Tay et al., 
2003; Carvalho et al., 2004).  
Adesivos indicados tanto para a técnica do condicionamento ácido prévio como 
na técnica autocondicionante foram introduzidos no mercado por diversos fabricantes 
com o objetivo de simplificar o processo de adesão, encurtando o tempo de 
manipulação e as etapas de aplicação, diminuindo a sensibilidade técnica e 
melhorando a adesão na prática clínica. Esses adesivos seguem o conceito de multi-
modo (all-in-one) e são conhecidos como adesivos universais (AU) (Chen et al., 
2015).   
A formulação dos adesivos universais está baseada em novo e versátil conceito 
de adesão, optando pela estratégia dos métodos autocondicionante, condicionamento 
ácido total ou seletivo em esmalte, dependendo, portanto, do substrato considerado. 
Em relação ao modo de utilização, a estratégia autocondicionante (self-etch) reduz o 
tempo de manipulação e passos clínicos, evitando a incorporação de erros técnicos 
durante as etapas de condicionamento ácido, enxague e secagem do substrato. No 
entanto, essa estratégia apresenta como principal desvantagem a incapacidade de 
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condicionar o esmalte com igual eficiência como ocorre com o ácido fosfórico, o que 
aumenta a taxa de insucesso.  
Para superar a força da adesão dos sistemas autocondicionantes anteriores, 
os atuais AUs apresentam na composição monômeros que são capazes de interagir 
quimicamente e produzir retenção micromecânica nos substratos dentários.  Alguns 
AUs contêm monômeros de carboxilato e/ou fosfato específicos para se ligarem 
ionicamente ao cálcio da hidroxiapatita (Ca10 [PO4] 6 [OH]2), ajudando a promover 
maior adesão à estrutura por mieo da formação de sais de Ca2 estáveis (Erickson et 
al., 1965; Titley et al., 1995; Hashimoto et al., 2003; Van Landuyt et al., 2008; Yasuda 
et al., 2008). 
O 10-MDP (10 - metacriloiloxidecil dihidrogenofosfato) é considerado um dos 
monômeros com maior eficácia em relação à interação química com a dentina e 
durabilidade da adesão. Esse monômero hidrófilo possui maior capacidade de 
condicionar o substrato, permitindo que os sistemas adesivos universais possam ser 
utilizados no modo autocondicionante (Yoshida et al., 2004; Peuman et al., 2005; 
Makishi et al., 2016). Além disso, a matriz dos AUs também pode ser composta pela 
combinação de monômeros com diferentes propriedades, tais como HEMA (hidroxil-
metacrilato - monômero hidrófilo), PENTA (monofosfato penta-acrilato de 
dipentaeritiol) e bis-GMA (bisfenol A glicidilmetacrilato - monômero com característica 
intermediária), possibilitando união adesiva entre o substrato dental hidrófilo e o 
material restaurador hidrófobo.  
O processo adesivo modifica a dentina, resultando numa camada híbrida 
composta de adesivo e dentina com característica elástica, que pode agir como zona 
de absorção de tensões durante o processo de polimerização da resina composta 
(Freitas et al., 2017). Entretanto, sistemas adesivos com diferentes componentes 
podem resultar em camada híbrida e camada de adesivo com propriedades 
mecânicas específicas. Na literatura estão disponíveis informações ainda limitadas 
sobre as propriedades mecânicas, como dureza e elasticidade da interface adesiva 
entre sistemas adesivos e dentina (Van Meerbeek et al., 1993; Freitas et al., 2017). 
A durabilidade da união entre resina e estrutura dental é significante para a 
longevidade das restaurações adesivas. Com objetivo de avaliar a durabilidade em 
longo prazo da união formada, diferentes técnicas de envelhecimento artificial têm 
sido propostas. A termociclagem é um método para simular o ambiente bucal, onde 
as amostras são submetidas às variações térmicas de 5-55ºC, em banho de água 
17 
 
(Keiichi et al., 2016). Esse método permite expor a interface adesiva às tensões 
presentes na cavidade bucal, correlacionadas com o coeficiente de expansão térmica, 
de forma rápida e padronizada. Possibilitando também avaliar e comparar a força da 
ligação adesiva antes e depois do envelhecimento das amostras quando associado a 
ensaios mecânicos, como na resistência da união à microtração ou microcisalhamento 
(Sano et al., 1994). 
Muitos fatores podem afetar a hibridação da dentina durante os procedimentos 
de união e, portanto, influenciar a qualidade e as propriedades mecânicas da interface 
adesiva (Tay et al., 2003). O teste de nanoindentação permite analisar propriedades 
mecânicas, como dureza e módulo de elasticidade em áreas pequenas e finas de 
materiais e estruturas, como a interface adesiva (Sano et al., 1994; Nakazawa et al., 
1999; Oliveira et al., 2004; Van Landuyt et al., 2008).  Alguns desses fatores estão 
relacioandos com a dureza e o módulo de Young da interface adesiva que podem ser 
influenciados pelas propriedades mecânicas da dentina em diferentes locais ou por 
diferentes tipos de dentina (cariada ou sadia), interferindo na capacidade dos adesivos 
para hibridizar esses substratos (Hosoya et al., 2006, 2007, 2008, 2010). Estudos 
relatam também o efeito causado pela composição de diferentes sistema adesivo nas 
propriedades mecânicas da interface dentina-resina (Van Meerbeck et al., 1993; 
Freitas et al., 2017). Entretanto, estudos que investiguem a ação dos sistemais 
adesivos universais sobre estas propriedades mecânicas são escassos na literatura.  
Neste direcionamento, o objetivo neste estudo in vitro foi avaliar a resistência 
de união adesiva, e as propriedades mecânicas de dureza e módulo de elasticidade 
da interface adesiva formada por quatro diferentes sistemas adesivos universais 
aplicados nos modos condicionamento total e autocondicionante. Dessa maneira, 
pretende-se verificar a eficiência imediata e ao longo do tempo de sistemas adesivos 
utilizados em ambos os modos de aplicação, corroborando para elucidação e 









2. ARTIGO: Influence of the thermal cycling on dentin bond strength, 
nanohardness and Young's modulus of dental universal adhesives interface. 
 




Objectives: The aims of this study were to evaluate the nanohardness (H) and Young's 
modulus (Y) of the adhesive interface and the adhesive bond strength (μTBS) 
immediately and after submitted to 10,000 thermal cycles.  
Methods: One hundred and sixty third molar teeth were bonded to composite resin 
applied in Self-etch (SE) and etch-and-rinse (E&R) modes with Prime & Bond Elect 
(PBE), Scotchbond Universal (SBU), All-bond Universal (ABU) and Clearfil Universal 
Bond (CUB) adhesives systems stored in water for 24 h or subjected to thermocycling. 
Seven bonded teeth were selected for each group for μTBS (n=7), while three bonded 
teeth for each group were used for nanoindentation to obtain the H and Y values (n=3). 
Data for μTBS were analyzed using three-way ANOVA, and data for H and Y were 
analyzed by ANOVA in subdivided plots (3 layers) with factorial (4 adhesives x 2 modes 
x 2 testing conditions) and Tukey-Kramer’s test (α = 0.05).  
Results: The uTBS values for PBE and ABU systems with etch-and-rinse mode were 
significantly higher for the same systems with self-etch mode and no thermocycling. 
CUB in etch-and-rinse mode after thermocycling showed significantly decreased in 
uTBS values. After thermocycling, PBE in E&R mode showed significantly lower H and 
Y mean values than the other systems. Nanohardness values for the ABU adhesive 
layer were significantly lower than the ABU hybrid layer in E&R mode. PBE E&R 
showed significantly lower mean values for H and Y than the other systems. Young’s 
modulus showed descending order of mean values for among dentin > hybrid layer > 
adhesive layers. 
Conclusion: SBU applied in both modes showed stable bond strength values after 
storage for both 24 h or thermocycling. Adhesives systems that have MDP and filler 
contend in their blend, like SBU and CUB, showed better mechanical properties on the 
adhesive interface.  
Clinical relevance: The presence of the elastic gradient among the sound 
dentin/bonded adhesive interface, and dentin bond strength suggest adequate 
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resistance of the adhesive to elastic deformation when under stress. This factor is 
important to predict the success of the dental restoration. 
 
Keywords Microtensile bond strength, Nanohardness, Young’s modulus, Universal 




 Adhesive techniques have been developed to maintain the stability of bonding 
strength in long-term; however, the degradation of the adhesive interface is inevitable 
and occurs commonly. Conventional adhesive systems with phosphoric-acid etching 
(etch-and-rinse - E&R) have generated controversy in relation to the bonding strength 
decreased46. The most important consideration of this protocol is the removal of the 
hydroxyapatite to create hybrid layers with unprotected collagen areas and to avoid 
deficient infiltration by adhesive monomers44,53. On the other hand, the self-etch mode 
(SE) has caused discussions on the durability of the bonding strength due to severe 
degradation occurred in long-term47. The all-in-one self-etching adhesive system do 
not remove the smear layer producing a small hybrid layer with high concentration of 
hydrophilic monomers, considered a permeable membrane after polymerization50 that 
allows the transit of water through the polymerized adhesive, decreasing the bond 
strength29,43,50. 
 Currently, adhesives systems indicated for a wider variety of restorative 
procedures applied in pre-etch or self-etch approaches were introduced to simplify the 
bond process, reducing application steps, time of consuming and technique 
sensitivity23. These materials follow the same concept as all-in-one adhesive systems 
and are so-called universal adhesives or multi-modes (UA). Some UAs contain 10-
methacryloyloxydecyl dihydrogen phosphate (MDP) monomer and silane in the 
formulation. This functional monomer is regarded as one of the most effective for 
chemical interaction with the dentin and consequent durable bond11,44,53. The presence 
of silane simplify the glass-ceramic bonding protocol because clinical do not need a 
separate silane application step after ceramic etched conditioning33.  
The durability of bonding between resin and dental structure is significant for the 
longevity of adhesive restorations. To evaluate the bonding strength, different artificial 
aging techniques have been used. Thermal cycling is a method used to simulate the 
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oral environment conditions for the adhesive bonding interface, involving the thermal 
variation related with the coefficient of thermal expansion. The thermal cycling allows 
standardization of the oral environment conditions to evaluate and compare the 
adhesive bond strength before and after aging of the samples47, by means of the micro-
tensile bond strength test.  
 The adhesion process modifies the dentin hardness, resulting in a hybrid layer 
with elastic capacity that allows small flexibility during the composite resin 
polymerization, acting as a zone of stress absorption and preserving the integrity and 
durability of the adhesion43. Nevertheless, differences in the adhesives blend may 
result in different interfaces among the adhesive systems and dentin, creating 
adhesive and hybrid layers with specific mechanical properties. The nanoindentation 
method has been used to evaluate some mechanical properties as the Young’s 
modulus and hardness in small and thin areas, such as resin-dentin interfaces3,5,11,12,14-
19,28-30,40,43,44,50,53. However, limited information is available on bond durability and the 
mechanical properties of the adhesive interface created by different universal adhesive 
systems applied in the total-etching and self-etching modes.   
The purpose of this in vitro study was to evaluate short and long-term bond 
strength durability, the nanohardness and the Young's modulus immediate and after 
thermal cycling degradation of different universal adhesive systems applied in etch-
and-rinse and self-etch modes. The null hypotheses of this study were that no 
difference among the materials would be found in the (1) immediate bond strength, (2) 
bond strength after 10.000 thermal cycles, (3) bond strength between etch-and-rinse 
and self-etch mode, and (4) Nanohardness and Young’s modulus. 
 
2 Materials and method 
 
2.1 Experimental design 
One hundred and sixty non-carious humans third molar teeth were selected 
according to the local Ethics Committee criteria (Protocol number CAAE 
66002317.6.1001.5418). The teeth were randomly assigned to four groups according 
to Prime&Bond Universal Elect (PBE), Scotchbond Universal (SBU), All-Bond 
Universal (ABU) and Clearfil Universal Bond (CUB) adhesives (Table 1). Self-etch (SE) 
and etch-and-rinse (E&R) bonding strategies were employed for each adhesive: Group 
1: Scotchbond Universal SE mode; Group 2: Scotchbond Universal E&R mode; Group 
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3: Prime & Bond Elect SE mode; Group 4: Prime & Bond Elect E&R mode; Group 5: 
Clearfil Universal Bond SE mode; Group 6: Clearfil Universal Bond E&R mode; Group 
7: ALL-bond Universal SE mode; Group 8: All-Bond Universal E&R mode. Each group 
was subdivided into two subgroups according to water storage (WS) for 24 h or thermal 
cycling (TC). After WS and TC, restored samples were submitted to micro-tensile bond 
strength (n=7), nanoindentation test (n=3), and failure mode. 
  
2.1 Samples fabrication and storage conditions. 
The teeth were disinfected and stored in 0.02% thymol solution to 4°C until use. 
The occlusal face and the roots were removed in the transversal direction using slow-
speed water-cooled diamond saw (Isomet-1000; Buehler, Lake Bluff, IL, USA). The flat 
superficial dentin surfaces were polished using 320-grit Sic paper (Norton; Guarulhos, 
SP, Brazil) in polishing machine (APL-4; Arotec, Sao Paulo, SP, Brazil) under water 
constant irrigation to complete enamel removal and, subsequently, mechanically 
polished using 600-grit Sic paper for 60 s to create a standardized smear layer. 
In both bonding strategies, the adhesive systems were applied according to respective 
manufacturers’ instructions (Table 1) and light-cured for 10 s using LED light-curing 
unit (Bluephase; Ivoclar Vivadent, Schaan, Liechtenstein) with light intensity of ~1200 
mW/cm2, previously evaluated with radiometer. For E&R mode, the dentin substrate 
was pre-etched for 15 s with 35% H3PO4 (Ultradent, South Jordan, Utah, USA), rinsed 
thoroughly, maintained slightly wet and cured for 10 s. For SE mode, the dentin 
substrate was kept moist. After bonding procedures, the samples were restored with 
Filtek Z350 XT composite resin (Table1), in 2 mm-thick increments, each one light-
cured for 20 s.  
After, the samples were subjected to water storage or thermal cycling.  WS 
group was stored in distilled water at 37°C for 24 h until the mechanical test. TC group 
was stored in distilled water at 37°C for 24 h and submitted to 10,000 thermal cycles 
(5 and 55 ± 1ºC) with an immersion time of 30 s for each temperature. Samples 










Table 1. Materials used in the study. 
 
Code         Adhesive 
(Lot. no.) 
pH Main Components Application mode Manufacturer  
 
PBE           Prime & 
Bond                                 
                       Elect 







Mono-, di- and trimethacrylate resins; 
PENTA, Diketone, Organic 





1.Apply a generous amount of adhesive 
actively for 20 s; 2. Remove excess 
solvent by gentle drying with clean, dry 
air for 5 s; 3. Light cure for 10 s. 
Etch-and-rinse strategy: 
1. Apply phosphoric acid for 15 s; 2. 
Rinse for at least 15 seconds; 3. 
Remove rinsing water with an air 
syringe, or with cotton; 4. Apply 






SBU         Scotchbond 
                  Universal                                 
                  (589526) 
 
2,7 MDP, HEMA, dimethacrylate resins, 
Vitrebond copolymer, filler, ethanol, 
water, initiators, silane 
Self-etch strategy: 
1.Apply two separate coats of adhesive 
for 20 s; 2. Remove excess solvent by 
gentle drying with clean, dry air for 5 s; 
3. Light cure for 10 s. 
Etch-and-rinse strategy: 
1. Apply phosphoric acid for 15 s; 2. 
Rinse for at least 15 seconds; 3. 
Remove rinsing water with an air 
syringe, or with cotton; 4. Apply 
adhesive as for the self-etch mode. 
 
3M ESPE 
St. Paul, MN, USA 
ABU        All-Bond  
              Universal 
           (1600002634) 
 
3,2 MDP, bis-GMA, HEMA, ethanol, 
water, initiators 
Self-etch strategy: 
1.Apply a amounts of adhesive for 10-
15 s per coat; 2. Remove excess 
solvent by gentle drying with clean, dry 
air for 10 s; 3. Light cure for 10 s. 
Etch-and-rinse strategy: 
1.Apply phosphoric acid for 15 s; 2. 
Rinse for at least 15 seconds; 3. 
Remove rinsing water with an air 
syringe, or with cotton; 4. Apply 





CUB   Clearfil 
Universal  
                   Bond 
                (AT0020) 
2,3 Bis-GMA, 2-hydroxyethyl. 
methacrylate, ethanol, 10-MDP, 
Hydrophilic aliphatic dimethacrylate, 
Colloidal silica, CQ, Silane coupling 
agent, Accelerators, Initiators, Water 
 
Self-etch strategy: 
1.Apply a generous amount of adhesive 
actively for 20 s; 2. Remove excess 
solvent by gentle drying with clean, dry 
air for 5 s; 3. Light cure for 10 s. 
Etch-and-rinse strategy: 
1. Apply phosphoric acid for 15 s; 2. 
Rinse for at least 15 seconds; 3. 
Remove rinsing water with an air 
syringe, or with cotton; 4. Apply 












Bis-GMA, UDMA, TEGDMA, Bis-EMA, Silica (20nm nonagglomerated 
aggregated), zircônia (4-11 nm nonagglomerated/aggregated and 
agglomerated, clusters, zircônia/sílica aggregated particles (20nm sílica 




St. Paul, MN, USA 
PENTA: dipentaerythritol penta-acrylate phosphate MDP: 10-methacryloyloxydecyl dihydrogen phosphate, HEMA: 2-
hydroxyethyl methacrylate, Bbis-GMA: 2,2-bis[4-(2-hydroxy-3-methacryloyloxypropoxy) phenyl) propane, TEGDMA: 






2.3 Microtensile bond strength (uTBS) 
After water storage or thermal cycling, seven restored samples from each 
adhesive system were longitudinally sectioned in the mesio-distal and buccal-lingual 
directions across the bonded interface using slow-speed diamond saw (Isomet-1000) 
under water irrigation. The distance between each cut was of 1.0 mm. 
 Dentin-resin sticks were produced with transverse section of 1.0 mm², 
approximately. Before failure test, the cross-sectional area of each stick was measured 
with digital caliper (Mitutoya; Suzhou, China) with accuracy of 0.01 mm for bonding 
strength calculation purpose (MPa). The ends of the sticks were attached with 
cyanoacrylate glue (Super bonder Flex Gel; Loctite-Henkel, Sao Paulo, SP, Brazil) to 
a jig adapted in the universal testing machine (EZ Test; Shimadzu, Kyoto, Japan) for 
micro-tensile bond strength with cross-speed of 1 mm/min, using load cell of 500 N, 
until failure. 
 
2.4 Failure mode 
After micro-tensile bond strength test, the two parts of the debonded sample 
were observed and analyzed in stereomicroscope (Carl Zeiss; Petropolis, RJ, Brazil) 
with 63x magnification to determine the followed failure modes: cohesive in dentin, 
cohesive in composite resin, cohesive in adhesive, between adhesive and dentin, and 
mixed involving adhesive, composite resin and dentin. 
 
2.5 Nanoindentation test 
After water storage or thermal cycling, three bonded samples from each group 
were longitudinally sectioned in the mesio-distal direction across the bonded interface 
using slow-speed diamond saw (Isomet-1000) under water irrigation to obtain 1.5 mm-
thick bonded slices. Two slices from the center of each tooth were selected for the 
nanoindentation test (n=3). 
Each resin-bonded dentin slice was individually embedded in epoxy resin 
(Buehler) and manually polished using wet SiC papers (Norton) with decreasing 
abrasiveness (600, 1000, 1200, 1500, and 2000). The samples were also polished 
using disks with diamond suspensions of 9, 6, 3, 1, and 0.5 μm (Buehler). The resulting 
surface polishing quality was evaluated with perfilometer (Dektak D150; Veeco, New 
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York, USA). Samples were considered polished when the roughness of the surface 
was less than 5 μm. 
For nanohardness and Young’s modulus measures was used computer-
controlled nano-indenter (Hysitron Custom Triboindenter; Minneapolis, MN, USA) with 
Berkovich point cell. The samples were individually placed on a computer-controlled 
X-Y table and accurate calibration of the distance between microscope and nano-
indenter was made before testing to ensure precise transfer of the pre-programmed 
positions to the nano-indenter. In each sample, five equally 10 μm-spaced 
nanoindentations were programmed for the dentin, hybrid layer, and adhesive layer 
with a load of 1000 μN and standard trapezoidal cycle of loading (load applied for 5 s, 
maintained for 2 s and removed for 5 s) (Figure 1). 
 
 
Fig 1. Schematic representation of the Berkovich indentation, and pre-programmed 




 The nanohardness (H) and Young’s modulus (Y) were calculated according 
to the Oliver and Pharr’s method1 (Figure 2): 
H = Pmax / A, 
where Pmax = maximum load, and A = projected contact area between the indenter 
tip and the sample at the load peak. 
 
Y = S√π / 2√A,  
where S = hardness of the initial segment of the load-withdrawal curve, and A = 
projection area identical to that described for the nanohardness calculation. 
The numbers 0, 3, 6, 9 and 12 correspond to dentin; 1, 4, 7, 10 and 13 correspond to Hibrid layer; and 2, 5, 














2.6 Statistical analysis 
After the exploratory analysis, μTBS data were analyzed using three-way 
ANOVA, and nanohardness and Young’s modulus data were analyzed using ANOVA 
in subdivided plots (3 layers) with factorial (4 adhesives x 2 modes x 2 testing 
conditions) and Tukey-Kramer’s test (α = 0.05). All analyzes were performed in SAS 




3.1 Microtensile bond strength  
The bond strength values (μTBS) did not show statistically significant difference 
among the four adhesive systems tested after 24 h and submitted to 10.000 thermal 
cycles for any application mode. Application mode has significant influences on μTBS 
of Prime & Bond Elect and All-Bond Universal adhesives only for no thermocycling 
condition. The test condition was statistically significant only for Clearfil Universal Bond 
with etch-and-rinse technique. The uTBS values for PBE and ABU systems in E&R 
mode were significantly higher for the same systems in SE mode and no 
thermocycling. CUB in E&R mode after thermocycling showed significantly decreased 
in uTBS values. Scotchbond Universal applied in the E&R and SE modes showed 
stable bond strength values after storage for 24 h or after thermal cycling (Table 2).  
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Fig 2. (a) Schematic representation of 





3.2 Failure Mode  
The most prevalent failure mode showed for the four adhesive systems in both 
bonding strategies and storage condition was cohesive in adhesive followed by failure 
between adhesive and dentin. The results are summarized in Figure 4. 
 
Figure 4. Bar graph showing failure modes (%) for the etch-and-rinse (E&R) and self-












Table 2. Microtensile bond strength (MPa) of the universal adhesives bonded to 
dentin using two application modes, and thermocycling or not (n=7). 
 
Adhesive 
Etch-and-rinse mode (MPa) 
 














33.85 ± 3.59 Aa* 
 
29.62 ± 6.57 Aa 
 
21.74 ± 7.04 Aa* 
 




33.40 ± 4.31 Aa 
 
31.63 ± 3.06 Aa 
    
27.82 ± 9.95 Aa 
 




34.09 ± 7.76 Aa* 
 
29.73 ± 9.51 Aa 
 
23.85 ± 4.92 Aa* 
 




34.62 ± 4.64 Aa 27.59 ± 6.96 Ab 28.64 ± 9.27 Aa 24.06 ± 7.96 Aa 
Mean values followed by distinct letters (capital in the horizontal and lower case in the 
vertical) differ statistically by Tukey-Kramer’s test (p≤0.05).  
Comparisons within the same adhesive and same degradation condition marked with asterisk are 












24 h 10 cycles 24 h 10.000
cycles
CD - Cohesive failure in dentin
CA - Cohesive failure in adhesive
AD - Failure between adhesive and
dentin
CAD - Mixed failure of adhesive,
composite resin and dentin











24 h 10 cycles 24 h 10.000
cycles




































 It was not found statistically significant difference among the Universal 
adhesives systems immediately tested for nanohardness and Young’s modulus (Table 
3 and 4). The test condition was statistically significant for Prime & Bond Elect in etch-
and-rise mode. PBE in E&R mode showed significantly lower mean values for H and 
Y than the other systems after thermal cycling. For each system, H values for the ABU 
adhesive layer were significantly lower than the ABU hybrid layer in E&R mode. 
Young’s modulus values were significantly different among dentin, hybrid and adhesive 



























Table 3. Nanohardness means (GPa) and standard deviation for dentin, 












E&R PBE 0.83 (0.02) Aa *0.45 (0.01) Ba *0.40 (0.00) Ba  
  SBU 0.83 (0.01) Aa 0.43 (0.01) Ba 0.43 (0.02) Ba 
  ABU 0.84 (0.03) Aa 0.46 (0.01) Ba 0.37 (0.01) Ca 
  CUB 0.85 (0.03) Aa 0.45 (0.02) Ba 0.40 (0.02) Ba 
 SE PBE 0.75 (0.03) Aa 0.42 (0.04) Ba 0.38 (0.04) Ba 
  SBU 0.77 (0.01) Aa 0.39 (0.01) Ba 0.34 (0.02) Ba 
  ABU 0.78 (0.03) Aa 0.42 (0.02) Ba 0.42 (0.03) Ba 
  CUB 0.84 (0.01) Aa 0.42 (0.02) Ba 0.41 (0.03) Ba 
10.000 
cycles 
E&R PBE 0.74 (0.02) Aa 0.40 (0.01) Ba 0.35 (0.03) Ba 
  SBU 0.84 (0.04) Aa 0.44 (0.02) Ba 0.41 (0.04) Ba 
  ABU 0.80 (0.06) Aa 0.44 (0.02) Ba 0.34 (0.02) Ca 
  CUB 0.82 (0.06) Aa 0.42 (0.01) Ba 0.38 (0.02) Ba 
 SE PBE 0.74 (0.02) Aa 0.41 (0.04) Ba 0.38 (0.04) Ba 
  SBU 0.80 (0.06) Aa 0.41 (0.00) Ba 0.41 (0.01) Ba 
  ABU 0.76 (0.40) Aa 0.40 (0.03) Ba 0.39 (0.04) Ba 
  CUB 0.77 (0.05) Aa 0.41 (0.02) Ba 
 
0.38 (0.03) Ba 
Mean values followed by distinct letters (capital in the horizontal and lower case in the 
vertical) differ statistically by Tukey-Kramer’s (p≤0.05).  
Marked with asterisk indicate difference between the testing conditions, in the same layer, 













Table 4. Mean Young’s modulus (GPa) and standard deviation for dentin, 












E&R PBE 21.96 (1.05) Aa *7.23 (0.74) Ba *6.97 (0.12) Ca 
  SBU 21.17 (3.95) Aa 9.50 (2.95) Ba 6.95 (0.22) Ca 
  ABU 21.01 (3.34) Aa 9.28 (2.74) Ba 6.76 (0.19) Ca 
  CUB 20.71 (3.44) Aa 10.23 (2.46) Ba 8.28 (0.31) Ca 
 SE PBE 20.64 (2.95) Aa 9.67 (2.76) Ba 7.10 (0.37) Ca 
  SBU 18.11 (2.48) Aa 8.76 (1,93) Ba 7.17 (0.44) Ca 
  ABU 20.01 (3.12) Aa 9.28 (3.22) Ba 7.11 (0.06) Ca 
  CUB 18.65 (2.97) Aa 9.79 (2.54) Ba 8.09 (0.51) Ca 
10.000 
cycles 
E&R PBE 16.98 (0.54) Aa  6.75 (0.55) Ba 6.29 (0.32) Ca 
  SBU 19.50 (2.66) Aa 8.37 (2.07) Ba 6.95 (0.03) Ca 
  ABU 19.87 (2.84) Aa 8.33 (2.78) Ba 6.11 (0.52) Ca 
  CUB 18.10 (3.05) Aa 9.72 (2.26) Ba 7.77 (1.02) Ca 
 SE PBE 17.21 (2.25) Aa 8.97 (2.41) Ba 7.70 (0.52) Ca 
  SBU 18.93 (3.14) Aa 8.40 (2.39) Ba 6.64 (0.14) Ca 
  ABU 19.00 (3.87) Aa  7.88 (2.12) Ba  6.33 (0.06) Ca 
  CUB 18.51 (3.21) Aa  9.53 (2.54) Ba  7.64 (0.59) Ca 
Mean values followed by distinct letters (capital in the horizontal and lower case in the 
vertical) differ statistically by Tukey-Kramer’s (p≤0.05).  
Marked with asterisk indicate difference between the testing conditions, in the same layer, 






 In the current study, four AUs applied in the dentin in E&R or SE modes, and 
both aging protocols did not show significant difference in µTBS mean values between 
the materials tested after 24 h or 10,000 thermal cycles, non-rejecting the first and 
second null hypotheses. These results are in accordance with previous works which 
showed that the same adhesives systems did not decrease the immediate and long-
term bond strength21,26,46. 
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 Many AUs use 10-MDP monomer in the blend because the chemical 
interaction between 10-MDP and hydroxyapatite produce stable MDP-Ca salt creating 
interfacial nano-layering. Van Meerbeek and Yoshida44 showed that 10-MDP is a 
functional monomer that have better capacity to interact with the dental structure. 
However, Scotchbond Universal, All-Bond Universal and Clearfil Universal Bond 
incorporate the hydroxyethyl metacrylate (HEMA) as cosolvent monomer in the 
formulation. Beyond, Scotchbond Universal contains polyalkenoic acid copolymer 
(VitrebondTM copolymer) that have the carboxyl group capable of chemical interaction 
with the hydroxyapatite6.  
 In the current investigation, all adhesives systems with 10-MDP monomer also 
contain HEMA in your blend, only Prime & Bond Elect is a system 10-MDP non-
containing and HEMA-free. However, HEMA and the polyalkenoic acid copolymer 
compete with 10-MDP for Ca-bonding sites in hydroxyapatite (HAp), resulting in 
reduced MDP-Ca salt deposition and smaller interfacial nano-layering56. In additional, 
HEMA-containing adhesive systems present higher water sorption than HEMA-free 
systems42 which is especially prejudicial for the long-term bond strength stability. For 
these reasons, PBE (non-MDP) exhibited similar μTBS mean values when compared 
to 10-MDP contain systems (ABU, SBU and CUB), even the 10-MDP being the most 
effective chemical interaction monomer. These results are in accordance with previous 
work56.  
 In the dentin, the etch-and-rinse/self-etch mode showed significant influence 
on μTBS mean values for Prime & Bond Elect Universal and All-Bond Universal. PBE 
and ABU showed lower μTBS values in SE mode only for non-thermocycling, rejecting 
the third null hypothesis. PBE contain PENTA as main functional monomer. There are 
few investigations that evaluated the performance of this system56,7. Perhaps, lack of 
10-MDP in the PBE blend may explain the lower bond strength in self-etch mode. 
According to Yoshihara et al.55, differences in the ultrastructure of the resultant hybrid 
layer were observed for different 10-MDP versions. The purity and concentration of 10-
MDP in All-Bond Universal may also be factors responsible for the decrease in μTBS 
for SE mode.  
 The difference in the immediate bond strength is also related to the adhesive 
pH. All-Bond Universal is classified as an ultra-mild self-etch adhesive (pH= 3.2) when 
compared the other three adhesives used in the current work (mild – pH +/-  2.5). On 
the adhesion-decalcification (A-D) concept reported 34,56, self-etch adhesives with very 
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low pH cause aggressive demineralization of dental substrate, promoting dissolution 
of the HAp crystals and decreasing the chemical interaction sites among functional 
monomers and hydroxyapatite.  On the other hand, high pH, such as ABU may affect 
the etching efficacy promoted on the HAp crystals, producing thinner hybrid layer and 
reduced μTBS values when compared to the phosphoric-acid etching. One-step SE 
adhesives has shown improved performance, specifically those with a mild acidity52.  
 The testing condition (with/without thermocycling) was statistically significant 
only for Clearfil Universal Bond with etch-and-rinse mode. After thermal cycle, CUB 
showed decreased μTBS values in E&R mode. It is necessary the presence of water 
in the adhesive to dissociate the carboxyl group responsible for the bonding between 
the functional monomer and HAp crystals, and also in the dental substrate to keep the 
collagen demineralized not collapsed56. The adhesive also contains hydrophilic 
monomers responsible for increasing the wettability of the dental hard tissues, creating 
a water permeable resin-dentin interface. Consequently, it has been alleged that the 
interface created by Universal adhesives would not be immune to hydrolytic 
degradation and also to enzymatic degradation of the collagen fibrils56.  
 In this study, Clearfil Universal Bond showed adequate results when used in 
SE mode. However, Scotchbond Universal system was the only to maintain stable 
μTBS values in both E&R and SE mode, and in the different aging protocols. According 
to previous studies, the SBU performance in both bonding strategies seems to be 
clinically satisfactory32,55. 
 The analyze of the physical-mechanical behavior of the resin-dentin interfaces 
created by adhesive systems is an important resource for obtaining the prognosis of 
the dental restorations. The nanoindentation allows to calculate the mechanical 
properties like nanohardness and Young’s modulus in submicrometric scale10. The 
strength of the material against the indenter tip is related to surface hardness, and the 
Young’s modulus is defined as the relative stiffness of the material that may be 
determined by the tension/strain curve21. Therefore, the more rigid the material, the 
less elastic deformation resulting from the tension and the greater the modulus of 
elasticity of the material. In the current study, nanohardness (Table 3) and Young’s 
modulus (Table 4) means values for dentin ranged from 0.74 to 0.85 and from 16.98 
to 21.96 GPa, respectively. These results are in accordance to previous works10,24,39,41.  
 Although the different adhesive systems have shown that different blends 
promote different demineralization levels in the dentin10,28, only PBE in E&R mode after 
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thermocycling showed significantly lower H and Y values in hybrid and adhesive layers, 
and ABU in E&R mode showed the lowest H values in adhesive layer for both aging 
protocols. A lower degree of conversion has been reported for the PBE, when 
compared to the SBU, ABU and CUB30. Considering that the degree of conversion 
(DC) and the filler content are related to adhesive hardness9, the lower nanohardness 
and Young’s modulus for PBE could be a result of the lower DC and absence of filler 
content. ABU systems as well as PBE no-filler content, contribute to decrease in the 
mechanical properties in adhesive layer.  
Moreover, PBE system are acetone-based adhesives and may not benefit from 
increased solvent evaporation during active application30. The high vapor pressure of 
acetone (200 mmHg at 25ºC)30,45 may be a limiting factor for evaporation of water 
during hybridization. Increasing the water diffusion level through the adhesive 
interface, may be the reason by which the PBE in E&R mode was showed lower H and 
Y values after thermocycling. There was no statistically significant difference among 
the other adhesives systems in both techniques after storage for 24 h or 10,000 thermal 
cycles. Therefore, the fourth null hypothesis was rejected. 
 The nanohardness and Young’s modulus for unaltered dentin were 
significantly higher than for both hybrid and adhesive layers for the all adhesive 
systems in SE or E&R techniques and in both aging protocols. The nanohardness of 
the hybrid and adhesive layers did show statistically significant difference only for ABU 
system in both aging protocols, when applied in E&R strategy. The mean values of the 
adhesive layer were lower than the hybrid layer. It's possible that the absence of filler 
content in ABU system decreases the H mean values of the adhesive layer, and the 
presence of collagen fibrils increases the values of the hybrid layer. 
 The Young’s modulus of the hybrid and adhesive layers did show statistically 
significant difference among the groups, and the Y mean values of the hybrid layer 
were higher than the adhesive layer (Table 4). Previous study has shown that the 
presence of collagen fibrils may increase the hardness and Young's modulus of the 
hybrid layer when compared to adhesive layer35. 
 The presence of the elastic gradient among sound dentin/bonded 
interface/adhesive was reported in previous studies using SE or E&R adhesives 
systems10,51. The area of the elastic zone may be considered as stress absorbers 
caused by thermal expansion, polymerization shrinkage of composite resin and 
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occlusal loading cycles, acting to preserve the integrity of the adhesion layer and 
consequently durability4,35. 
 The results of the current study showed that the test condition did not influence 
the bond strength, nanohardness and Young's modulus of the Universal adhesives 
used in both techniques. Instead, the μTBS values of the Clearfil Universal Bond 
system in E&R mode, and the nanohardness and Young’s modulus values of the All-
bond Universal system in E&R mode were influenced by the test condition.  
 Further studies are required to evaluate after longer water storage periods. It 
may be plausible to assume that the similar composition of the adhesives systems or 
submission for 10,000 thermal cycles were not sufficient for induce significant changes 
in mechanical properties and bond strength, these facts may be considered as some 
limitations of the study. 
 
4. Conclusion  
Based on the discussed results is possible to draw the following conclusions: 
(1) Application mode (etch-and-rinse/self-etch) has significant influences on μTBS of 
Prime & Bond Elect and All-Bond Universal adhesives only for no thermocycling 
condition; (2) The test condition (with/without thermocycling) was statistically 
significant only for Clearfil Universal Bond in E&R mode; (3) The test condition was 
statistically significant only for PBE in E&R mode in relation to nanohardness and 
Young's modulus values. Although the compositions of adhesive systems are similar, 
only Scotchbond Universal applied in E&R and SE modes maintain stable bond 












5. References  
1. Asmussen E, Uno S (1992). Adhesion of restorative resins to dentin: chemical 
and physicochemical aspects. Oper Dent. 5: 68-74. 
2. Bacelar-Sa R, Giannini M, Ambrosano GMB, Bedran-Russo AK (2017). Dentin 
Sealing and bond strength evaluation of Hema-free and multi-mode adhesives 
to biomodified dentin. Braz Dent J. 28 (6): 731-737. 
3. Bowen RL. Adhesive bonding of various materials to hard tooth tissues. II. 
(1965) Bonding to dentin promoted by a surface-active comonomer. J Dent 
Res. 44(5):895-902. 
4. Buonocore MG (1955). A simple method of increasing the adhesion of acrylic 
filling materials to enamel surfaces. J Dent Res. 34: 849-53. 
5. Carvalho RM, Pegoraro TA, Tay FR, Pegoraro LF, Silva NR, Pashley DH 
(2004) Adhesive permeability affects coupling of resin cements that utilize self-
etching primers to dentine. J Dent.  32:55-65. 
6.  Chen C, Niu LN, Xie H, Zhang ZY, Zhou LQ, Jiao K, et al (2015)Bonding of 
universal adhesives to dentine – Old wine in new bottles? J Dent.  43; 525 – 
536. 
7. Demirci M, Tuncer S, Sancaklı HS, Tekçe N, Baydemir C (2017). Clinical 
performance of different solvent-based dentin adhesives with nanofill or 
nanohybrid composites in class III restorations: Five Year Results. Oper Dent. 
42(4): 111-120.  
8. Erickson RL (1965). Mechanism and clinical implications of bond formation for 
two dentin bonding agents. J Dent Res. 44(5):895-902. 
9. Ferracane JL (1985). Correlation between hardness and degree of conversion 
during the setting reaction of unfilled dental restorative resins. Dent Mater. 
1:11–14 
10. Freitas PH, Giannini M, França R, Correr AB, Correr-Sobrinho L, Consani S. 
(2017). Correlation between bond strength and nanomechanical properties of 
adhesive interface. Clin Oral Investig.  21(4):1055-1062.  
11. Hashimoto M, Ohno H, Sano H, Kaga M, Oguchi H (2003). In vitro degradation 
of resin-dentin bonds analyzed by microtensile bond test, scanning and 
transmission electron microscopy. Biomaterials.  24(21):3795-803. 
12. Higashi C, Michel MD, Reis A, Louguercio AD, Gomes OM, Gomes JC (2009). 
Impact of adhesive application and moisture on the mechanical properties of 
35 
 
the adhesive interface determined by the nano-indentation technique. Oper 
Dent. 34:51-57. 
13. Holmes RG, Rueggeberg FA, Callan RS, Caughman F, Chan DC, Pashley DH, 
et al (2007). Effect of solvent type and content on monomer conversion of a 
model resin system as a thin film. Dent Mater. 23:1506-12. 
14. Hosoya Y, Tay FR (2007). Hardness elasticity, and ultrastucture of bonded 
sound and caries-affected primary tooth dentin. J Biomed Mater Res B Appl 
Biomater.  81:135-141. 
15. Hosoya Y, Ando S, Yamaguchi K, Oooka S, Miyazaki M, Tay FR (2010). Quality 
of the interface of primary tooth dentin bonded with antibacterial fluoride 
releasing adhesive. J Dent. 38:423-430. 
16. Hosoya Y, Tay FR, Miyakoshi S, Pashley DH (2008). Hardness and elasticity 
of caries-affected and sound primary tooth dentin bonded with 4-META one-
step self-etch adhesives. Am Dent. 21:223-228. 
17. Hosoya Y, Tay FR, Miyazaki M, Inoue T (2008). Hardness and elasticity of 
sound and caries-affected primary dentin bonded with one-step self-etch 
adhesive. Dent Mater J. 26:493-500. 
18. Hosoya Y, Tay FR, Ono T, Miyakazi M (2010). Hardness, elasticity and 
ultrastructure of primary tooth dentin bonded with a self-reinforcing one-step 
self-etch adhesive. J Dent. 38:214-221. 
19. Hosoya Y (2006). Hardness and elasticity of bonded carious and sound primary 
tooth dentin. J Dent. 34:164-171. 
20. Muñoz MA, Luque-Martinez I, Malaquias P, Hass V, Reis A, Louguercio AD, et 
al (2015). In vitro longevity of bonding properties of universal adhesives to 
dentin. Oper Dent. 40 (3): 282-292. 
21. Mahoney E, Holt A, Swain M, Kilpatrick N (2000). The hardness and modulus 
of elasticity of primary molar teeth: an ultra-microindentation study. J Dent. 
28(8):589–594. 
22. Makishi P, Andre CB, Ayres A, Martins AL, Giannini M (2016). Effect of storage 
time on bond strength and nanoleakage expression of universal adhesives 
bonded to dentin and etched enamel. Oper Dent. 41(3): 305-317. 
23. Marchesi G, Frassetto A, Mazzoni A, Apolonio F, Diolosa M, Cadenaro M, et al 
(2014). Adhesive performance of a multi-mode adhesive system: 1-year in vitro 
study. J Dent. 42(5): 603-12.  
36 
 
24. Marshall GW Jr, Balooch M, Gallagher RR, Gansky SA, Marshall SJ (2001). 
Mechanical properties of the dentino enamel junction: AFM studies of 
nanohardness, elastic modulus, and fracture. J Biomed Res. 54:87-95. 
25. Mena-Serrano A, Kose C, De Paula EA, Tay LY, Reis A, Loguercio 
AD, Perdigão J (2013). A new universal simplified adhesive: 6-month clinical 
evaluation. J Esthet Restor Dent. 25(1): 55-69. 
26. Muñoz MA, Luque I, Hass V, Reis A, Loguercio AD, Bombarda NH (2013). 
Immediate bonding properties of universal adhesives to dentine. J Dent. 41(5): 
404-11.  
27. Nakazawa Y, Seino E, Ushiki T, Ogata T, Hirai Y, Kawada E, et al (1999). 
Microhardness evaluations of resin-dentin bonding áreas by nano-indentation. 
Bull Tokyo Coll. 40:47-54. 
28. Oliveira SSA, Marshall SJ, Habelitz S, Gansky SA, Wilson RS, Marshall GW 
(2004). The effect of a self-etching primer on the continuous demineralization 
of dentin. Eur J Oral Sci. 112: 376–383.  
29. Pashley DH, Tay FR, Yiu C, Hashimoto M, Breschi L, Carvalho RM, et al 
(2004). Collagen degradation by host-derived enzymes during aging. J Dent 
Res. 83(3):216-21. 
30. Perdigão J, Loguercio AD, Munõz MA, Luque-Martinez I, Hass V (2015). Does 
active application of universal adhesives to enamel in self-etch mode improve 
their performance? J Dent. 43:1060-1070 
31. Perdigão J, Kose C, Mena-Serrano AP, De Paula EA, Tay LY, Reis 
A, Loguercio AD (2014). A new universal simplified adhesive: 18-month clinical 
evaluation. Oper Dent. 39(2): 113-27.  
32. Perdigão J (2007). New developments in dental adhesion. Dent Clin North Am. 
51(2): 333-5. 
33. Perdigão J (2015). Universal adhesives. J Esthet Restor Dent.  27(6): 331-334. 
34.  Peumans M, Munck J, Van Landuyt K, Lambrechts P, Van Meerbeek B (2005). 
Three-year clinical effectiveness of a two-step self-etch adhesive in cervical 
lesions Eur J Oral Sci. 113(6) 512-518. 
35. Pongprueksa P, Kuphasuk W, Senawongse P (2008). The elastic moduli across 
various types of resin/dentin interfaces. Dent Mater. 24(8):1102-1106. 
37 
 
36. Sai K, Shimamura Y, Takamizawa T, Tsujimoto A, Imai A, Endo H, et al (2016). 
Influence of degradation conditions on dentin bonding durability of three 
universal adhesives. J Dent. 54: 56-61. 
37. Sano H, Shono T, Sonoda H, Takatsu T, Ciucchi B, Carvalho R, et al (1994). 
Relationship between surface area for adhesion and tensile bond strength - 
Evaluation of a micro-tensile bond test. Dent Mater. 10(4): 236-240.  
38. Sano H, Takatsu T, Ciucchi B, Russell CM, Pashley DH (1995). Tensile 
properties of resin-infiltrated demineralized human dentin. J Dent Res. 74:1093-
1102. 
39. Schulze KA, Oliveira SA, Wilson RS, Gansky AS, Marshall GW, Marshall SJ 
(2005). Effect of hydration variability on hybrid layer properties of a self-etching 
versus an acid-etching system. Biomaterials. 26:1011-1018. 
40. Senawongse P, Pongprueksa P, Tagami J (2008). The elastic modulus across 
various types of resin/dentin interfaces. Dent Mater J. 24(8):1102-1106.  
41. Takahashi M, Nakajima M, Hosaka K, Ikeda M, Foxton RM, Tagami J (2011). 
Long-term evaluation of water sorption and ultimate tensile strength of HEMA-
containing/-free one-step self-etch adhesives. J Dent. 39: 506-12. 
42. Tay FR, Pashley DH (2003). Water treeing - a potential mechanism for 
degradation of dentin adhesives. Am J Dent. 16:6-12. 
43. Titley KC, Smith DC, Chernecky R, Maric B, Chan A (1995). An SEM 
examination of etched dentin and the structure of the hybrid layer. J Can Dent 
Assoc.  61(10):887-894. 
44. Van Landuyt KL, De Munck J, Snauwaert J, Coutinho E, Poitevin A, Yoshida 
Y, et al (2005). Monomer-solvent phase separation in one step self-etch 
adhesives. J Dent. 84:183-188. 
45. Van Landuyt KL, Snauwaert J, De Munck J, Peumans M, Yoshida Y, Poitevin 
A, et al (2007). Systematic review of the chemical composition of contemporary 
dental adhesives. Biomaterials. 28: 3757-3785. 
46. Van Landuyt KL, Yoshida Y, Hirata I, Snauwaert J, De Munck J, Okazaki M, et 
al (2008). Influence of the chemical structure of functional monomers on their 
adhesive performance.  J Dent Res. 87(8):757-761. 
47. Van Meerbeek B, De Munck J, Yoshida Y, Inoue S, Vargas M, Vijay P, et al 
(2005). Buonocore memorial lecture: adhesion to enamel and dentin: current 
status and future challenges. Oper Dent. 28:215-235. 
38 
 
48. Van Meerbeek B, De Munck J, Yoshida Y, Inoue S, Vargas M, Vijay P, et al 
(2003). Buonocore memorial lecture: adhesion to enamel and dentin: current 
status and future challenges. Oper Dent. 28:215-235. 
49. Van Meerbeek B, Perdigão J, Lambrechts P, Van Herle G (1998). The clinical 
performance of adhesives. J Dent. 26(1):1-20. 
50. Van Meerbeek B, Willems, Celis JP, Roos JR, Braem M, Lambrechts P, et al 
(1993). Assessment by nano-indentation of the hardness and elasticity of the 
resin-dentin bonding area. J Dent Res. 72:1434-1442. 
51. Wagner A, Wendler M, Petschelt A, Belli R, Lohbauer U (2014). Bonding 
performance of universal adhesives in different etching modes. J Dent. 42(7): 
800-807. 
52. Yasuda G, Inage H, Kawamoto R, Shimamura Y, Takubo C, Tamura Y, et al 
(2008). Changes in elastic modulus of adhesive and adhesive-infiltrated dentin 
during storage in water. J Oral Sci. 50(4):481-486. 
53. Yoshida Y, Nagakane K, Fukuda R, Nakayama Y, Okazaki M, Shintani H, et al 
(2004). Comparative study on adhesive performance of functional monomers. 
J Dental Res. 83(6) 454-458. 
54. Yoshida Y, Van Meerbeek B, Nakayama Y, Yoshioka M, Snauwaert J, Abe Y, 
et al (2001). Adhesion to and decalcification of hydroxyapatite by carboxylic 
acids. J Dent Res. 80(6):1565-1569. 
55. Yoshihara K, Nagaoka N, Okihara T, Kuroboshi M, Hayakawa S, Maruo Y, et al 
(2015). Functional monomer impurity affects adhesive performance. Dent 
Mater. 31(12):1493-1501. 
56. Yoshioka Y, Yoshida S, Inoue P, Lambrechts G, Vanherle, Y, Nomura Y, et al 
(2002). Adhesion/decalcification mechanisms of acid interactions with human 












 O modo de aplicação (condicionamento com ácido fosfórico ou 
autocondicionante) mostrou influência significativa no valor da resistência de união 
adesiva imediata dos sistemas Prime & Bond Elect Universal e All-Bond Universal. A 
condição de teste (com/sem termociclagem) foi estatisticamente significante apenas 
para o sistema Clearfil Universal Bond utilizado com prévio condicionamento com 
ácido fosfórico a 37%. 
 O sistema adesivo Scotchbond Universal utilizado tanto no modo com 
condicionamento ácido prévio quanto no autocondicionante mostrou valores estáveis 
da resistência de união adesiva após armazenamento por 24 horas ou termociclagem.  
 Quanto às propriedades mecânicas de nanodureza e módulo de elasticidade, 
a ciclagem térmica influenciou significantemente apenas o sistema adesivo Prime & 
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5. APÊNDICE 1 – Delineamento experimental  
___________________________________________________________________ 
 
Preparo das amostras 
Os dentes recém-extraídos foram limpos com cureta periodontal (McCall 13/14) 
para remoção de resíduos de ligamento periodontal e, em seguida, com pasta de 
pedra-pomes e água aplicada com escova tipo Robinson em baixa velocidade de 
rotação, com refrigeração à água. Os dentes foram armazenados em água deionizada 
a 4°C, contendo Timol a 0,2% a fim de prevenir a desidratação e crescimento 
bacteriano, por no máximo 3 meses.  
  Os dentes foram separados aleatoriamente em oito grupos de acordo com os 
sistemas adesivos Scotchbond Universal, Prime & Bond Elect, Clearfil Universal Bond 
e All-Bond Universal, e subdivididos pelo tempo de ciclagem térmica (n= 10), conforme 
descrito no fluxograma apresentado na Figura 1. Dos dez dentes de cada grupo, sete 




Figura 3. Fluxograma do delineamento das amostras. 
 
   
A coroa do dente foi seccionada transversalmente ao longo eixo do dente, 
aproximadamente 3,0 mm acima da junção amelo-cemento, utilizando máquina para 
corte seriado de precisão (Isomet 1000; Buëhler, USA) com disco diamantado de 0,3 
mm de espessura (Extec-Erios, São Paulo, SP, Brasil), em baixa velocidade de 
rotação (300 rpm) e refrigerado à água. O corte das raízes também foi realizado no 
sentido transversal do longo eixo do dente, aproximadamente 3,0 mm abaixo da 
junção amelo-cemento.  
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  As superfícies cortadas foram desgastadas em politriz (APL-4 Arotec, Cotia, 
SP, Brasil) com lixas de carbeto de silício com granulação 320 (Norton, São Paulo, 
SP, Brasil), refrigeradas à água até completa eliminação do esmalte da face oclusal e 
exposição da superfície de dentina média com superfície planificada. Para 
padronização da smear layer, a superfície dos dentes foi desgastada manualmente 
com lixa de granulação 600 (Norton), sob irrigação à água destilada, por um minuto.  
  Os adesivos foram aplicados e a fotoativação realizada com aparelho de luz 
LED (Bluephase, Ivoclar Vivadent, Schaan, Liechtenstein) com intensidade de 1100 
mW/cm2, aferida previamente com radiômetro (LED Radiometer Demetron, Danbury, 
USA), segundo recomendações dos fabricantes (Tabela 5.). Após aplicação do 
adesivo, a resina composta Filtek Z350 (Cor A2 – 3M ESPE) foi inserida com espátula 
em incrementos horizontais de aproximadamente 2 mm de espessura até obter um 
bloco com aproximadamente 4 mm de altura. Cada incremento foi fotoativado por 20 
segundos. Após a obtenção do bloco de resina composta, metade das amostras foi 
armazenada em frascos rotulados contendo água deionizada, mantidos em estufa a 
37°C, durante 24 horas até a realização do ensaio mecânico. A outra metade das 
amostras foi submetida a 10.000 ciclos térmicos simulando o ambiente bucal e depois 
submetida ao ensaio mecânico.  Os materiais utilizados em cada grupo de estudo, 
nome comercial e fabricante, composição química e percentual em volume estão 




















Sigla   Sistema   Adesivo        Estratégia: auto-condicionante Estrátegia: condicionamento total  
 
PBE       Prime & Bond    
                     Elect       





1. Aplicar ativamente uma 
camada generosa de 
adesivo por 20 s;  
2. Secar com ar limpo e seco 
por 5 s;  
3. Fotopolimerizar por 10 s. 
 
1. Aplicar ácido fosfórico por 
15 s; 
2. Lavar por pelo menos 15 
s; 
3. Remover a água 
levemente com uma 
seringa de ar, ou com 
algodão; 
4. Aplicar o adesivo como no 
modo autocondicionante. 
 
SBU            Scotchbond 
                    Universal 
                            
 
1. Aplicar uma camada de 
adesivo por 20 s;  
2. Secar com ar limpo e seco 
por 5 s;  
3. Fotopolimerizar por 10 s. 
 
1. Aplicar ácido fosfórico por 
15 s; 
2. Lavar por pelo menos 15 
s; 
3. Remover a água 
levemente com uma 
seringa de ar, ou com 
algodão; 
4. Aplicar o adesivo como no 
modo autocondicionante. 
 
ABU               All-Bond 
                      Universal 
                      
 
1. Aplicar duas camadas de 
adesivo por 10-15 s cada 
uma; 
2. Secar com ar limpo e seco 
por pelo menos 10 s;  
3. Superfície deve estar 
levemente brilhante sem 
excesso de adesivo, caso 
contrário repetir passos 1 e 
2;  
4. Fotopolimerizar por 10 s. 
 
1. Aplicar ácido fosfórico por 
15 s; 
2. Enxague bem; 
3. Remover a água com 
algodão ou deixar 
evaporar por 1-2 s, 
deixando o preparo 
visivelmente úmido; 
4. Aplicar o adesivo como no 
modo autocondicionante. 
 
CUB           Clearfil 
Universal 
                          Bond 
                         
1. Aplicar ativamente uma 
camada generosa de 
adesivo por 5 s;  
2. Secar com ar limpo e seco 
por mais 5 s, até cessar o 
movimento do adesivo; 
3. Fotopolimerizar por 10 s. 
 
1. Aplicar ácido fosfórico por 
15 s; 
2. Lavar e secar; 













Tabela 7. Composição química do condicionador dental e percentual em volume. 
Água 50-60% 
Ácido fosfórico < 40% 
Aluminato de cobalto espinélio azul < 1% 
Siloxano < 1% 




Tabela 8. Composição química da resina composta Z350 e percentual em volume. 
Cerâmica tratada com silano 65-75% 
Dimetacrilato de bisfenol A polietileno glicol diéter      5-15% 
Diuretano dimetacrilato 5-15% 
Sílica tratada com silano 5-10% 
Metacrilato de bisfenol A diglicidil éter 1-10% 
Dimetacrilato de 2,2' etilenodioxidietilo  5% 
Água  2% 




Tabela 6. Nome comercial e fabricante. 
Nome comercial Fabricante 
Condicionador dental a 37%  Ultra Dent, USA. 
RC Filtek Z 350 3M Dental Products, USA. 
Adesivo Scotchbond Universal 3M Dental Products, USA. 
Adesivo Prime & Bond Elect Dentsply, USA 
Adesivo All-Bond Universal BISCO, USA 
Adesivo Clearfil Universal Bond Kuraray Noritake Dental, Japan 
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Figura 4. (a) Representação esquemática da obtenção dos palitos de resina-dentina 
para o teste de microtração; (b) Representação esquemática da obtenção das fatias 









Obtenção dos palitos para o teste de microtração 
 
  Após os períodos de armazenagem, as amostras foram fixadas 
horizontalmente em suportes de acrílico com material termoplástico de baixa fusão 
(Godiva; Kerr, São Paulo, Brasil). Os conjuntos foram acoplados ao dispositivo da 
cortadeira metalográfica (Isomet 1000, Buëhler, USA) para corte com disco 
diamantado em baixa velocidade de rotação (300 rpm) e constante irrigação com 
água.  
  Os cortes foram efetuados paralelamente ao longo eixo do dente, inicialmente 
no sentido vestíbulo-lingual e posteriormente no sentido mésio-distal com distância 
entre os cortes de 1,0 mm, iniciando-se por uma das superfícies proximais até atingir 
a superfície proximal oposta. Deste modo, foram obtidas amostras em forma de 
palitos, com secção transversal de aproximadamente 1,0 mm². Os palitos formados 
pela união da resina composta com esmalte dentário foram excluídos, bem como 
  (a) 
1. 2. 
3. 4. 5. 3. 4. 5. 
2. 1. 
1.(a)(b): corte da coroa do dente no sentido transversal ao longo eixo do dente, aproximadamente 3,0 
mm acima da junção amelo-cemento; 2.(a)(b): corte das raízes no sentido transversal ao longo eixo 
do dente, aproximadamente 3,0 mm abaixo da junção amelo-cemento; 3.(a)(b): inserção de resina 
composta em incrementos horizontais, até obter um bloco com aproximadamente 4 mm de altura; 
4.(a) cortes efetuados no sentido vestíbulo-lingual e mésio-distal com distância entre os cortes de 1,0 
mm, (b) cortes efetuados ao longo eixo da amostra na direção mésio-distal; 5.(a) obtenção de palitos 
resina-dentina, de secção transversal de aproximadamente 1,0 mm², para realização do ensaio de 
microtração, (b) obtenção das fatias de resina-dentina, com espessura média de 1,5 mm, para o 
ensaio de nanoindentação. 
 
  (b) 
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aqueles que se fraturaram durante o processo de corte. Antes do ensaio mecânico, a 
área da secção transversal de cada palito foi aferida com paquímetro digital (Mitutoya; 
Suzhou, China) para padronização da área de união. Os palitos foram fixados ao 
dispositivo pelas extremidades com cola à base de cianoacrilato (Super Bonder Flex 
Gel; Loctite/Henkel, São Paulo, SP, Brasil), acoplados à máquina de ensaio universal 
EZ test (Shimadzu Co, Kyoto, Japão) e submetidos à tração com velocidade de 1 
mm/minuto, utilizando célula de carga de 500 N, até fratura do palito.  
 
 
















(a). Palitos de resina-dentina; (b) Palito fixado no dispositivo para tração; (c) Dispositivo para tração 








(a) (c) (b) 
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Obtenção das fatias para o ensaio de nanoindentação 
 
 Para obtenção das amostras para o ensaio de nanoindentação após o período 
de armazenagem, a amostra foi posicionada no suporte de acrílico e fixado com 
material termoplástico de baixa fusão (Godiva; Kerr), com a porção de resina 
posicionada verticalmente. O conjunto foi acoplado no dispositivo da cortadeira 
metalográfica Isomet 1000 (Buehler) para corte com disco diamantado, em baixa 
velocidade de rotação e constante irrigação com água.   
Os cortes foram efetuados longitudinalmente ao longo eixo da amostra na 
direção mésio-distal com disco diamantado (Extec-Erios) na velocidade de 150 rpm, 
para obter fatias padronizadas com espessura de 1,5 mm, aferidas com paquímetro 
digital (Mitutoya). As duas fatias com localização mais próxima do centro de cada 
amostra (n=3) foi selecionada para o teste de nanoidentação. As fatias formadas pela 
união de resina composta e esmalte das faces laterais dos dentes foram excluídas do 
teste, bem como as fraturadas durante o corte.  
  As fatias selecionadas foram parcialmente embutidas em resina epóxi 
(Buehler). As faces expostas das amostras foram desgastadas manualmente com 
lixas de carbeto de silício de abrasividade decrescente de 600, 1000, 1200 e 2000 
(Norton). Posteriormente, as faces foram polidas com suspensão diamantada de 
granulação 9, 6, 3, 1, 0,5 µ (Buehler) usando disco de feltro. Após cada procedimento 
com as suspensões diamantadas, as amostras foram submetidas ao ultrassom 
UltraCleaner 1400 (Unique; Indaiatuba, SP, Brasil) por 5 minutos para remoção de 
resíduos resultantes do polimento.  
Em seguida, a qualidade do polimento foi avaliada com perfilômetro (Detack 
D150; Vecco), as amostras armazenadas em frascos plásticos contendo solução de 
Hank (HBSS) e mantidas em estufa a 37°C durante 24 horas até a realização do 


























(a). Inclusão das fatias em resina epóxica; (b) Desgaste com lixa de granulação decrescente; (c) 
Polimento com suspensão diamantada; (d) Análise do polimento com perfilômetro; (d) Amostra 
posicionada no nanoindentador. (Imagens Freitas, PH.) 
 
Cada amostra foi posicionada no microscópico de força atômica (AFM) 
acoplada ao equipamento de nanoindentação Triboindenter (Hysitron; Minneapolis, 
MN, EUA). Cinco penetrações foram realizadas na camada de adesivo, camada 
híbrida e dentina de cada amostra utilizando ponta piramidal Berkovich, obtendo 
posteriormente a média para o módulo de elasticidade e nanodureza de cada amostra. 
A carga utilizada foi de 1000 µN com ciclo trapezoidal, onde a carga foi aplicada 














A dureza (H) e o módulo de elasticidade (Y) foram calculados a partir da curva 
tensão/deformação, de acordo com a seguinte relação (Olivere Parr, 1992): 
                                            
H = P max 
                             A 
Onde: 
 P max = carga máxima  
A = área de contato projetada entre a ponta penetradora e a amostra na carga 
máxima.  
 
Y = S √π 
                                                          2 √A 
Onde: 
S = rigidez do segmento inicial da curva na remoção da carga  
A = área de projeção idêntica ao descrito para o cálculo de dureza. 
 
 
































ANEXO 2 – Comprovante de submissão de artigo 
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